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The MSFC v i e w  factor computer programs RAVFAC and 
VUFACT have been and are being much used i n  Skylab thermal  
a n a l y s i s .  Bellcomm has developed t h e  sub rou t ine  EANCAL which 
i n c r e a s e s  t h e  u t i l i t y  of these  t w o  programs by e l i m i n a t i n g  
t h e  need f o r  any pre l iminary  c a l c u l a t i o n  of i n p u t  parameters .  
The use fu lness  of t h e s e  t w o  MSFC programs has  been f u r t h e r  
i nc reased  by i n c o r p o r a t i o n  of f i g u r e  i n t e r s e c t i o n  and angu la r  
o r i e n t a t i o n  de te rmina t ion  c a p a b i l i t i e s  i n  EANCAL. 

I n  general ,  when a f i g u r e  or  t h e  p l ane  of t h e  f i g u r e  
i n t e r s e c t s  another  f i g u r e ,  d i f f e r e n t  view f a c t o r s  e x i s t  from 
e i ther  s u r f a c e  of t h e  i n t e r s e c t i n g  f i g u r e  t o  t h e  i n t e r s e c t e d  
f i g u r e .  For f i g u r e s  i n  gene ra l  s p a t i a l  o r i e n t a t i o n s ,  t h e  
occurrence  of i n t e r s e c t i o n s  and t h e  consequent e x i s t e n c e  of 
o t h e r  view f a c t o r s  may n o t  be r e a d i l y  d e t e c t e d  from t h e  f i g u r e  
d e f i n i t i o n  geometry. EANCAL now provides  a d i a g n o s t i c  message 
which a le r t s  t h e  program use r  when f i g u r e s  i n t e r s e c t  and o the r  
v i e w  factors t h u s  e x i s t .  Output messages s p e c i f y i n g  t h e  angu- 
l a r  o r i e n t a t i o n s  of a l l  p a i r s  of non-spher ica l  f i g u r e s  w i t h  
each o t h e r  are a lso provided as an i n p u t  d a t a  check. 

Ana lys i s  developing t h e  f i g u r e  i n t e r s e c t i o n  and 
a n g u l a r  o r i e n t a t i o n  de te rmina t ion  c a p a b i l i t i e s  of EANCAL f o r  t h e  
v a r i o u s  f i g u r e  o p t i o n s  i n  t h e  t w o  programs is  presented .  The 
u s e  of EANCAL w i t h  t h e s e  c a p a b i l i t i e s  i s  expla ined  and a sub- 
r o u t i n e  l i s t i n g  i s  provided. 
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Subrout ine  EANCAL (Euler  ANgle CALculation) w a s  
developed b Bellcomm t o  f a c i l i t a t e  u s e  of t h e  MSFC R A V F A C ( l )  

used i n  Skylab thermal  a n a l y s i s .  ( 3 )  I (47 EANCAL performs a l l  
t h e  p r e r e q u i s i t e  c a l c u l a t i o n s  t o  p repa re  i n p u t  f o r  f i g u r e s  i n  
any g e n e r a l  s p a t i a l  o r i e n t a t i o n .  The v e r s a t i l i t y  of EANCAL 
has  been enhanced by t h e  development of f i g u r e  i n t e r s e c t i o n  
de te rmina t ion  and f i g u r e  o r i e n t a t i o n  de te rmina t ion  c a p a b i l i t i e s .  
Th i s  memorandum d e s c r i b e s  t h e  need f o r  f i g u r e  i n t e r s e c t i o n  
de te rmina t ion  c a p a b i l i t y  i n  view f a c t o r  programs and p r e s e n t s  
t h e  a n a l y s i s  f o r  t h i s  de te rmina t ion  i n  RAVFAC and W F A C T .  The 
a n g u l a r  o r i e n t a t i o n  de te rmina t ion  c a p a b i l i t y  between a l l  p a i r s  
of non-spher ica l  s u r f a c e s  i s  a l s o  developed a s  a check  on 
EANCAL i npu t .  A l i s t i n g  of EANCAL wi th  these c a p a b i l i t i e s  is  
a l so  provided.  

and W F A C T (  Y view factor  computer p ro  rams which are much 

1.1 COORDINATE SYSTEMS 

The s u r f a c e  op t ions  a v a i l a b l e  i n  RAVFAC and W F A C T  and 
t h e  corresponding EANCAL d e f i n i n g  p o i n t s  a r e  shown i n  F igu res  1, 
2 and 3 .  W i t h  sub rou t ine  EANCAL t h e s e  s u r f a c e s  are de f ined  i n  
some common c e n t r a l  C a r t e s i a n  c o o r d i n a t e  system (CCS) by f r o m  
t h r e e  t o  s i x  p o i n t s .  S e l e c t i o n  of  t h e  CCS i s  by t h e  u s e r  based 
upon how t h e  s u r f a c e  elements of a p a r t i c u l a r  c o n f i g u r a t i o n  are 
m o s t  s imply def ined .  
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EANCAL d e f i n e s  a l o c a l  s u r f a c e  c o o r d i n a t e  system (SCS) 
as r equ i r ed  f o r  t h e  t w o  programs f r o m  t h e  d e f i n i n g  p o i n t s  fo r  
each s u r f a c e  type  (F igures  1, 2 and 3 ) .  The v a r i o u s  SCS and t h e  
l i s t e d  equa t ions  which d e f i n e  t h e  SCS parameters  i n  terms of t h e  
CCS p o i n t s  are i n  g e n e r a l  unnecessary f o r  t h e  use  of EANCAL. 
These equa t ions ,  which w e r e  developed i n  Reference ( 3 ) ,  are 
requ i r ed  i n  t h e  f i g u r e  i n t e r s e c t i o n  de te rmina t ion  a n a l y s i s .  

2,O NEED FOR F I G U R E  INTERSECTION DETERMINATION CAPABILITY 

I n  g e n e r a l  when a f i g u r e  or  t h e  p l a n e  of t h e  f i g u r e  
i n t e r s e c t s  ano the r  f i g u r e ,  d i f f e r e n t  view f a c t o r s  e x i s t  from 
e i t h e r  s u r f a c e  of t h e  i n t e r s e c t i n g  f i g u r e  t o  t h e  i n t e r s e c t e d  f i g -  
u re .  For f i g u r e s  i n  g e n e r a l  s p a t i a l  o r i e n t a t i o n s ,  t h e  occurrence 
of i n t e r s e c t i o n s  and  t h e  consequent e x i s t e n c e  of o ther  view fac-  
t o r s  may n o t  be r e a d i l y  de t ec t ed  from t h e  f i g u r e  d e f i n i t i o n  
geometry. I f  t h e  computer program can a l e r t  t h e  u s e r  by an appro- 
p r i a t e  o u t p u t  message when o ther  v i e w  f a c t o r s  are p o s s i b l e ,  
s p a t i a l  comprehension w i l l  be enhanced and fewer  e r r o r s  w i l l  r e s u l t .  
For less involved conf igu ra t ions  when it i s  known t h a t  i n t e r s e c -  
t i o n s  occur  o r  n o t ,  t h e  presence or absence of t h e  message s e r v e s  
as an  i n p u t  d a t a  check. 

With EmCAL t h e  geanetric v i s u a l i z a t i o n  and c a l c u l a t i o n  
r e q u i r e d  t o  p repa re  Euler  ang le  i n p u t  f o r  RAVFAC and VUFACT i s  
e l imina ted .  The a b i l i t y  t o  v i s u a l i z e  t h e  d i r e c t i o n s  of normals 
t o  p l a n e  f i g u r e s ,  however, i s  s t i l l  a p r e r e q u i s i t e .  I n  q e n e r a l ,  
i f  t h e  i n c o r r e c t  a c t i v e  face d i r e c t i o n  of a f i g u r e  i s  s p e c i f i e d ,  
e i t h e r  no v i e w  f a c t o r  or an i n c o r r e c t  v i e w  f a c t o r  w i l l  r e s u l t .  

3.0 SURFACE ACTIVE FACE D E F I N I T I O N  

Program i n p u t  I L K  d e f i n e s  both t h e  f i g u r e  type  and t h e  
active s u r f a c e  normal d i r e c t i o n .  ILK i s  a d i f f e r e n t  i n t e g e r  f o r  
each f i g u r e  type  p r e f i x e d  by +/- f o r  t h e  a c t i v e  normal d i r e c t i o n .  
This  i n p u t  p r e s e n t s  no v i s u a l i z a t i o n  problem f o r  t h r e e  dimensional  
s u r f a c e s  of r e v o l u t i o n  s i n c e  +/- ILK i n d i c a t e s  t h a t  t h e  o u t s i d e /  
i n s i d e  s u r f a c e  i s  active.  For p l ane  f i g u r e s  +/- ILK i n d i c a t e s  
t h a t  t h e  active s u r f a c e  is i n  t h e  d i r e c t i o n  of t h e  +/- Z SCS a x i s .  
When + ILK i s  c a l l e d  w i t h  t he  r e c t a n g l e  o r  t r i a n g l e / t r a p e z o i d ,  
EANCAL p o s i t i o n s  t h e  SCS + Z-axis i n  t h e  d i r e c t i o n  of a r i g h t  hand 
r o t a t i o n  wi th  r e s p e c t  t o  t h e  f i g u r e  vertices s e l e c t e d .  

When t h e  p l ane  of a f i g u r e  does n o t  i n t e r s e c t  t h e  boundary 
of a n o t h e r  f i g u r e ,  a s i g n  error i n  ILK from f a u l t y  geometr ic  
v i s u a l i z a t i o n  p r e s e n t s  no problem o t h e r  t han  having t o  r e r u n  t h e  
program w i t h  an i n p u t  change. I f  t h e  p l ane  of t h e  f i g u r e  does  
i n t e r s e c t  ano the r  f i g u r e ' s  boundary, however, an erroneous view 
f a c t o r  w i l l  probably r e s u l t  from an erroneous ILK s i g n .  
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Consider t w o  p l a n e  f i g u r e s  of A r e a  A and A2 o r i e n t e d  1 
such t h a t  t h e  p lane  of A1 i n t e r s e c t s  f i g u r e  A*. 

of i n t e r s e c t i o n  d i v i d e  A2 i n t o  segments of area A3 and A4 .  

s i g n  of ILK for  f i g u r e  A, can i n  g e n e r a l  cause e i t h e r  of t w o  

L e t  t h e  l i n e  
The 

.I. 

d i f f e r e n t  view factors  t o  be c a l c u l a t e d  by t h e  program. 
s i g n  of ILK t h e  view f a c t o r  f r o m  A1 t o  A3 i s  iktermined, 
o t h e r  Siga of ILK y i e l d s  t h e  view f a c t o r  from A1 t o  A4.  

For one 
w h i l e  t h e  

4 .0  INTERSECTION ANALYSIS 

To de te rmine  if intersect ions occur w i t h i n  any f i g u r e  
boundaries ,  t h e  p l anes  of a l l  p l a n a r  f i g u r e s  ( j -systems)  are  
e s t a b l i s h e d  i n  t h e  SCS of a l l  t h e  o t h e r  f i g u r e s  ( i - sys tems) .  
These j-system p lanes  a r e  e s t a b l i s h e d  by de termining  the i r  i n t e r -  
c e p t s  on t h e  axes  of t h e  i -system f i g u r e  SCS. An i n t e r s e c t i o n  
of i n t e r e s t  occurs  if t h e  j-system p lane  and t h e  i-system f i g u r e  
e q u a t i o n s  have a rea l  s o l u t i o n  w i t h i n  t h e  i -system s u r f a c e  boundary. 
If t w o  p l a n a r  f i g u r e s  are  cons idered  and i f  t h e  j-system p lane  
does  n o t  i n t e r s e c t  t h e  i-system s u r f a c e ,  t h e  p o s s i b l e  i n t e r -  
s e c t i o n  of t h e  i -system plane wi th  t h e  j-system s u r f a c e  must a l so  
be i n v e s t i g a t e d .  

Only t h e  i n t e r s e c t i o n s  of p l ane  f i g u r e s  w i t h  o t h e r  f i g -  
u r e s  w i l l  be cons idered .  T h e r e  should be minimum confusion w i t h  
i n t e r s e c t i o n s  of t h r e e  dimensional f i g u r e s  because +/-ILK refer 
t o  t h e  o u t s i d e / i n s i d e  su r faces .  

4 . 1  NUMBER OF INTERSECTION AND ANGULAR ORIENTATION DETERMINATIONS 

If a p a r t i c u l a r  geometr ic  c o n f i g u r a t i o n  c o n s i s t s  of a 
large number of f i g u r e  elements i n c l u d i n g  p l a n a r  s u r f a c e s ,  many 
de te rmina t ions  f o r  p o s s i b l e  i n t e r s e c t i o n s  w i l l  be  made. This  
s e c t i o n  c o n s i d e r s  t h e  number of f i g u r e  i n t e r s e c t i o n  tests and t h e  
number of f i g u r e  o r i e n t a t i o n  de te rmina t ions  made by EANCAL. 

I n  a geometr ic  system of N f i g u r e s  of which  M a r e  p l a n e  
f i g u r e s  ( 2 < M < N ) ,  t h e  number of p a i r s  of f i g u r e s  t o  be cons ide red  
f o r  p o s s i b i e - i n t e r s e c t i o n s  is M ( N - 1 ) - Q .  
upon both  t h e  number of i n t e r s e c t i o n s  between p l ane  f i g u r e s  of a 
sys tem and a t  what phase of  t h e  s e a r c h  t h e s e  i n t e r s e c t i o n s  a r e  
found. If t h e  p l a n e s  of s u r f a c e s  1 and 2 of t h e  M p lane  s u r f a c e s  
i n  a geometr ic  system intersect s u r f a c e  M i n  t h e  f i r s t  tests con- 
duc ted ,  t h e  p l ane  of s u r f a c e  M cannot  i n t e r s e c t  s u r f a c e s  1 and 2 ,  
t h u s  Q=2. If t h e  tests t o  determine i f  t h e  p l ane  of s u r f a c e  M 

I n t e g e r  Q i s  > O  depending 
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i n t e r s e c t s  s u r f a c e s  1 and 2 were conducted f i r s t ,  no i n t e r s e c -  
t i o n s  would be found and t h e  tests t o  d e t e r m i n e  i f  t h e  p l anes  of 
s u r f a c e s  1 and 2 i n t e r s e c t  s u r f a c e  M would have t o  be conducted, 
t hus  Q = O .  

Messages s p e c i f y i n g  t h e  angu la r  o r i e n t a t i o n s  of a l l  
p a i r s  of f i g u r e s  wi th  r e s p e c t  t o  each o t h e r  exc luding  s p h e r i c a l  
s u r f a c e s  are a l so  provided t o  f a c i l i t a t e  checking f i g u r e  d e f i n i -  
t i o n  inpu t .  The t o t a l  number of t h e s e  messages i n  a system of 
N f i g u r e s  of which S are s p h e r i c a l  s u r f a c e s  i s  (N-S) (N-S-1)/2. 

4 . 2  DETERMINATION OF THE j-SYSTEM PLANE INTERCEPTS I N  THE i-SYSTEM 

A l l  f i g u r e s  are de f ined  by from three t o  s i x  p o i n t s  P 

f r o m  t h e  CCS or ig in  t o  t h e  p o i n t .  

g 
which have CCS r e c t a n g u l a r  coord ina te s  X , Y  ,Z 
vector 2 
f i g u r e  p a i r  c o n s i s t i n g  of i and j-system f i g u r e s ,  t h e  coord ina te s  
of t h e  j-system f i g u r e  are r e f e r r e d  t o  t h e  i-system SCS by 

and a p o s i t i o n  
g g g  

For a p a r t i c u l a r  
g 

Ti is (1) of Reference ( 3 )  us ing  t h e  d i r e c t i o n  c o s i n e s  fo r  t h e  

p a r t i c u l a r  t ype  of i -system f i g u r e  and X , Y . , Z  a r e  t h e  CCS 

c o o r d i n a t e s  of t h r e e  p o i n t s  d e f i n i n g  t h e  j-system f i g u r e  p lane .  
Ti i s  t h e  coord ina te  t r ans fo rma t ion  f o r  each i-system f i g u r e  which  

rotates  t h e  CCS i n t o  angu la r  correspondence w i t h  each r e s p e c t i v e  
SCS v ia  t h e  r e q u i r e d  Eu le r  ang le  sequence and d i r e c t i o n s .  
Z1 are t h e  CCS coord ina te s  of P1, t h e  o r i g i n  of each r e s p e c t i v e  
i -system f i g u r e  t o  be t e s t e d  f o r  i n t e r s e c t i o n  w i t h  a l l  t h e  p lane  
f i g u r e s  of t h e  system. I n  t h e  fo l lowing  a n a l y s i s ,  a l l  c o o r d i n a t e  
s u b s c r i p t s  refer t o  j-system CCS p o i n t s  i n  t h e  i-system SCS a f t e r  
t r a n s f o r m a t i o n  by (1). 

j i j  

X1,Y1, 

The j-system plane  d e f i n e d  by p o i n t s  P which are 
n o t  c o l i n e a r  i s  1,2,3 

X Y Z 1  
1 
1 

x1 y1 
x2 y2 z2 
x3 y3 z 3  1 
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After expansion by minors and c o - f a c t o r s ,  

1 
1 
1 

y1 1 

y2 z 2  
y3 23 1 

1 +z +Y 
, x1 

z2 x2 
z3 x3 

I f  A,B,C and D are s u b s t i t u t e d  f o r  t h e  de t e rminan t s  i n  ( 2 ) ,  t h e  
equa t ion  of t h e  j-system plane i n  t h e  i -system i s  

AX + BY + CZ = D ,  

The i n t e r c e p t  form of t h e  equat ion  of  a p l a n e  is  

x/a + Y/b + Z/c = 1, ( 3 )  

where t h e  i n t e r c e p t s  are  determined from t h e  j-system c o o r d i n a t e s  
af ter  t r ans fo rma t ion  by (1). I f  t h e  corresponding c o e f f i c i e n t s  
of ( 2 A )  and ( 3 )  are compared, t h e  i n t e r c e p t s  a r b ,  and c,  of t h e  
j-system p l a n e  on t h e  SCS i-system X,Y, and Z axes  are 

a=D/A, b=D/B, c=C/D 

S p e c i a l  cases occur when t h e  j-system p lane  i s  e i ther  
pe rpend icu la r  t o  a SCS i-system a x i s  o r  i s  p a r a l l e l  t o  a SCS a x i s .  
These special cases occur  when any one or any t w o  of t h e  j -system 
p l a n e  i n t e r c e p t s  are i n f i n i t e ,  which are i n d i c a t e d  by t h e  respec-  
t i ve  X , Y ,  and Z de te rminant  c o e f f i c i e n t s  i n  ( 2 A )  being  zero. I f  
one i n t e r c e p t  i s  i n f i n i t e ,  t h e  j-system p l a n e  i s  p a r a l l e l  t o  t h e  
SCS-axis corresponding t o  t h e  i n f i n i t e  i n t e r c e p t .  I f  t w o  i n t e r -  
cepts are i n f i n i t e ,  t h e  j - s y s t e m  p l a n e  i s  pe rpend icu la r  t o  t h e  SCS 
i -system a x i s  corresponding t o  t h e  f i n i t e  i n t e r c e p t .  

A s p e c i a l  case of p a r t i c u l a r  i n t e r e s t  occurs  when t h e  
i -system f i g u r e  i s  also a p lane  s u r f a c e  and i s  coplanar  w i t h  t h e  
j-system f i g u r e .  For t h i s  geometry wi th  both  p l ane  f i g u r e s  i n  
t h e  i-system SCS X-Y p l ane ,  A=B=D=o, and no view f a c t o r s  e x i s t  
between t h e  t w o  coplanar  f i g u r e s .  

Add i t iona l  s p e c i a l  cases occur  when one or t w o  of t h e  
de t e rminan t  c o e f f i c i e n t s  A,B and C are z e r o  and c o e f f i c i e n t  D i s  
a l s o  zero. The fo l lowing  t a b u l a t i o n  of a l l  j-system p lane  o r i e n -  
t a t i o n s  w i t h  r e s p e c t  t o  t h e  i -system SCS relates p o s i t i o n  and f i n i t e  
i n t e r c e p t s  t o  z e r o  and non-zero magnitudes of t h e  f o u r  de te rminant  
c o e f f i c i e n t s  of (2A)  . 
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Determinant j-system plane  o r i e n t a t i o n  
c o e f f i c i e n t s  i n  i-svstem SCS 

A , B , C  and D # 0 g e n e r a l  o r i e n t a t i o n  

B and C = 0 

A and C = 0 

A and B = 0 

perpendicular  t o  Xi-axis 

perpendicular  t o  Yi-axis 

pe rpend icu la r  t o  Z i-axi s 

A = O  p a r a l l e l  t o  Xi-axis 

B = O  

c = o  
p a r a l l e l  t o  Yi-axis 

p a r a l l e l  t o  Z i  a x i s  

B , C  and D = 0 Yi-Zi p l a n e  

A , C  and D = 0 Xi-Zi p l a n e  

A , B  and D = 0 Xi-Yi p l a n e  

A and D = 0 c o n t a i n s  Xi-axis 

B and D = 0 c o n t a i n s  Yi-axis 

C and D = 0 c o n t a i n s  2 - a x i s  i 

F i n i t e  SCS 
axes  
i n t e r c e p t s  

a A C  

a = o  

b = o  

c = o  

a = c = o  

a = b = o  

I n  EANCAL the  f o u r  de te rminants  of (2A) are c a l c u l a t e d  
and one of t h e  1 3  cases l i s t e d  above i s  established. S i n c e  t h e  
i n t e r s e c t i o n  geometry is  m o s t  involved fo r  t h e  g e n e r a l  c a s e  of 
a l l  non-zero de te rminants ,  only t h i s  a n a l y s i s  i s  presented .  The 
o t h e r  special  case r e s u l t s  are r e a d i l y  ob ta ined  from t h e  g e n e r a l  
a n a l y s i s .  

shown i n  F igu re  1 d e f i n e  
t h e  p l a n e  of t h e  t r i a n g l e / t r a p e z o i d .  For t h e  r e c t a n g l e  and t h e  
d i s c ,  a l so  shown i n  t h e  same f i g u r e ,  t h e  corresponding p o i n t s  wh ich  

D i s c  p o i n t  P6, d e f i n e  t h e  t w o  f i g u r e  p l a n e s  a re  P 

on t h e  o u t s i d e  diameter  a t  t h e  SCS X-axis is  n o t  an EANCAL i n p u t  
b u t  i s  used  t o  d e f i n e  a t h i r d  p o i n t  i n  t h e  d i s c  p l ane  for  use  i n  
(2). 
ates are c a l c u l a t e d  i n  EANCAL. 

1 , 2 , 3  I n  ( 2 )  t h e  CCS p o i n t s  P 

1,6,3' and P 
1 , 2 , 4  

The c o o r d i n a t e s  of P6 i n  terms of t h e  d i s c  i n p u t  CCS coordin-  
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4 . 3  PLANE F I G U R E  INTERSECTIONS 

I f  t h e  s u r f a c e  t o  be t e s t e d  f o r  i n t e r s e c t i o n  i s  a p l ane  
f i g u r e ,  it l ies  i n  t h e  SCS i-system X-Y p l ane  (F igure  1). I n  
t h i s  p l ane  t h e  t r a c e  of t h e  j-system p lane  i s  t h e  l i n e  X / a  + Y / b = l .  
I n t e r s e c t i o n  occurs  when t h e  s imultaneous s o l u t i o n  of t h i s  l i n e  
and t h e  i-system d e f i n i n g  equat ion  y i e l d s  roots on t h e  i-system 
f i g u r e  boundary. The i n t e r s e c t i o n  c r i t e r i a  a r e  determined f r o m  
t h e  SCS parameters  i n  terms of t h e  CCS coord ina te s  and t h e  j-system 
p lane  i n t e r c e p t s .  The SCS parameters i n  F igu res  1 , 2  and 3 are su r -  
face dimensions and angles .  Since t h e  magnitudes of t h e s e  are 
i n v a r i a n t  wi th  coord ina te  system t r ans fo rma t ions ,  t h e  i - f i g u r e  CCS 
c o o r d i n a t e s  which d e f i n e  t h e  SCS parameters  do n o t  r e q u i r e  
t r ans fo rma t ion .  

4 . 3 . 1  RECTANGLE 

The r e c t a n g l e  i s  de f ined  by t h e  boundaries  Xi= 'max' Y . = B  1 max 
and t h e  SCS X, and Y, axes.  No i n t e r s e c t i o n  occur s  i f  a and b are  

I I 

both  <O. I n t e r s e c t i o n  w i l l  occur f o r  any of t h e  
c o n d i t i o n s  

>a>o,where ymax= 

>b>o,where Bmax= 
ymax 

'max 

Bmax>b (l-ymax) - >o 
a 

4 . 3 . 2  D I S C  - 

fo l lowing  

The d i s t a n c e  from t h e  i-system o r i g i n  -0 t h e  l i n e  of 

j -system p lane  i n  t h e  i-system X-Y p l a n e  i s  ab/va2+b2.  S ince  t h e  

disc r a d i u s  i s  Bma,, t h e  cond i t ion  f o r  i n t e r s e c t i o n  wi th  a complete 
disc is  

If t h e  d i s c  i s  a p a r t i a l  s u r f a c e  of r e v o l u t i o n  (yma <360°, Figure  l), 
t h e  i n t e r s e c t i o n  de te rmina t ion  w i l l  be f o r  t h e  compfete f i g u r e  as 
d i s c u s s e d  i n  Sec t ion  4 . 4 .  
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4.3.3 TRIANGLE/TRAPEZOID 

For t h i s  class of f i g u r e s  t h e  l i n e  of i n t e r s e c t i o n  of 
t h e  i and j-system X-Y p lanes  i n  t h e  i -system i s  so lved  w i t h  
t h e  equa t ions  of t h e  l i n e s  PlP2 and P1P3. 

d e f i n e  t h e  f i g u r e  s i d e s ?  i n t e r s e c t  a t  P l t  t h e  SCS o r i g i n :  
These l i n e s ,  which 

P1P2, Y=m2X,where m2=Y2/X2 = l/tanymax 

P1P3, Y=m3X,where m =Y /X = l/tanymin 3 3 3  

Solv ing  each of t h e  l i n e  equa t ions  w i t h  t h e  trace of t h e  j-system 
p l a n e  i n  t h e  Xi-Yi p lane  y i e l d s  

where y 

I n t e r s e c t i o n  of t h e  t r i a n g l e / t r a p e z o i d  and t h e  j-system plane 
occurs w i t h  either of t h e  two fo l lowing  c o n d i t i o n s  

and Y m i n  r e f e r  r e s p e c t i v e l y  t o  l i n e s  P1P2 and P1P3. max 

>Bmin, t r a p e z o i d  

>o, t r i a n g l e  
>ab/ ( b  tanymax,min+a) 'max 

4 . 4  THREE-DIMENSIONAL F I G U R E  INTERSECTIONS 

The a n a l y s i s  f o r  i n t e r s e c t i o n s  of t h e  j-system p lane  
w i t h  three-dimensional  r a t h e r  t han  p l a n a r  i -system f i g u r e s  i s  
more involved  because i n t e r s e c t i o n s  are n o t  l imi ted  t o  t h e  Xi-Yi 

p lane .  I n  t h i s  a n a l y s i s  any i -system f i g u r e s  t h a t  are s u r f a c e s  
of r e v o l u t i o n  are assumed t o  b e  complete f i g u r e s .  
figure i s  a p a r t i a l  s u r f a c e  of r e v o l u t i o n ,  t h e  p o s s i b l e  i n t e r s e c -  
t i o n  w i l l  be  determined as  f o r  a complete s u r f a c e  of r e v o l u t i o n .  
When t h e  p a r t i a l  s u r f a c e  i s  n o t  i n t e r s e c t e d  b u t  t h e  t o t a l  s u r f a c e  
is, t h e  program y i e l d s  t h e  i n t e r s e c t i o n  message. 
d e t e c t e d  by r e runn ing  t h e  example wi th  t h e  o ther  ILK v a l u e  f o r  
t h e  p l a n a r  f i g u r e ,  which w i l l  y i e l d  no view f a c t o r .  

I f  t h e  i-system 

This  case can be  
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The d i s t a n c e  p f r o m  t h e  SCS i-system o r i g i n  t o  t h e  
j-system p l a n e  i n  t h e  i -system wi th  i n t e r c e p t s  a , b  and c i s  

p = I abc I / d a b )  2+ (ac) 2+ 0 x 1  2 

Consider t h e  p l ane  de f ined  by p and t h e  SCS Zi-axis. L e t  t h e  
i n t e r s e c t i o n  of t h i s  p l ane  and t h e  SCS Xi-Yi p l ane  d e f i n e  t h e  
X* d i r e c t i o n . +  The trace of t h e  j-system plane  i n  t h e  X*-Zi 
p l ane  is  t h e  l i n e  

n 

I n t e r s e c t i o n s  of t h e  j-system p lane  wi th  three-dimensional  f i g u r e s  
e x i s t  when ( 4 )  and t h e  
i n t e r e s t  i n  t h e  X*-Zi p lane  y i e l d  rea l  roots which are on t h e  

i -system s u r f a c e  boundary. 

equat ion  of t h e  trace of t h e  f i g u r e  of 

4 . 4 . 1  SPHERE 

I n t e r s e c t i o n  of t h i s  f i g u r e  and t h e  p l ane  occur s  when 
t h e  s p h e r e  r a d i u s  is  greater than  t h e  d i s t a n c e  p from t h e  i-system 
o r i g i n  t o  t h e  j-system p lane  i n  t h e  i-system. S ince  t h e  r a d i u s  is  
lF2-Fll =a, t h e  c o n d i t i o n  f o r  i n t e r s e c t i o n  wi th  a complete sphere  
i s  a > p .  

4.4.2 RIGHT CIRCULAR CYLINDER, R I G H T  CIRCULAR CONE AND R I G H T  
CIRCULAR PARABOLOID 

These t h r e e  i-system s u r f a c e s  of r e v o l u t i o n  are conven- 
i e n t l y  cons idered  t o g e t h e r  because t h e i r  axes  are t h e  SCS Zi-axis. 
For a l t i t u d e  H and base  r ad ius  R, t h e  traces of t h e  s u r f a c e s  i n  
t h e  X*-Zi p l a n e  f o r  X*>O a r e  

X* = R, c y l i n d e r ,  
= HX*/R, cone 'i 

parabolo id  2 2  Z i  = HX* /R 

t The j-system p l a n e  and t h e  X*-Zi p l ane  geometry i n  t h e  SCS 
i - sys tem are shown i n  F igu re  4 .  

N 
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An i n t e r s e c t i o n  of t h e  j-system p lane  w i t h  any of ( 5 )  

w i l l  occur  when o<c<H/(l-RV), where V = v a T / l a b  2 2  I .  For v a l u e s  
of c<o, p o s s i b l e  i n t e r s e c t i o n s  are  determined from t h e  simul- 
taneous s o l u t i o n  of ( 4 )  and ( 5 )  f o r  Z i  or X*. 
is <H o r  X* i s < R ,  i n t e r s e c t i o n  of  t h e  j-system p lane  wi th  t h e  

i -system complete s u r f a c e  of r e v o l u t i o n  occurs .  The c o n d i t i o n s  
for  i n t e r s e c t i o n  of t h e  j-system p lane  w i t h  t h e  r e s p e c t i v e  three- 
dimensional  f i g u r e s  of r e v o l u t i o n  i n  terms of t h e  f i g u r e  dimen- 
s i o n s  and p l ane  i n t e r c e p t s  are 

I f  t h e  r e s u l t a n t  Zi 

l / V < R ,  c y l i n d e r  

o< [1/ ( l / c + R V / H )  I < H, cone 

2 cVR 
[ -  2H 

where 

-7/1+4H/cV2R2) ] < R ,  paraboloic I 

R = Ir3-rll, c y l i n d e r  

R = lr3-r2 I ,  cone and pa rabo lo id  

4.4.3 RECTANGULAR PRISM 

The geometry f o r  i n t e r s e c t i o n  of t h i s  f i g u r e  i s  more 
involved  than  f o r  t h e  o ther  three-dimensional  f i g u r e s  because it 
i s  n o t  symmetr ical ly  pos i t i oned  w i t h  r e s p e c t  to t h e  Z a x i s .  As 
i n  Sec t ion  4 . 4 . 2 , t h e  cross s e c t i o n  of t h e  f i g u r e  and t h e  trace of 
t h e  j-system p lane  are considered i n  t h e  X*-Zi plane.  
i n t e r s e c t i o n  of t h e  prism, however, is n o t  l i m i t e d  t o  t h e  cross 
s e c t i o n  of t h e  f i g u r e  i n  t h e  X*-Zi p lane .  The i n t e r s e c t i o n  may 

i 

The j -p l ane  

a lso occur  a long  t h e  p ro jec t ed  view of t h e  f i g u r e  as  observed nor- 
m a l  t o  t h e  X*-Zi p lane .  This t r i a n g l e  shaped i n t e r s e c t i o n ,  n o t  i n  
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+ a + 
b - + + 
C + o r -  + o r -  - - 

C r i t e r i a  

- - 
- 

d >  

i n  F igu re  5. The 
I , J , K  

t h e  X*-Zi plane,  is shown by p o i n t s  P 
geometry f o r  i n t e r s e c t i o n  de te rmina t ion  when a, b and c are  
a l l  >O i s  shown i n  F igu re  5. The t w o  p a r t s  of t h i s  f i g u r e  
show t r u e  views r e s p e c t i v e l y  of t h e  X -Yi and X*-Zi p l a n e s  rela- 
t i v e  t o  t h e  r e c t a n g u l a r  pr ism o r i e n t a t i o n .  

i 

I 

- + 
+ 
+ + 

- 

a >  

The p r o j e c t e d  f i g u r e  dimension d measured from t h e  SCS 
o r i g i n  i n  t h e  +X* d i r e c t i o n  i n  ( 4 )  determines t h e  Z i  which 
e s t a b l i s h e s  i f  i n t e r s e c t i o n  occurs.  

I max l in te r -  
s e c t i o n  a +b 

The c r i t e r i o n  f o r  i n t e r s e c t i o n  r e f e r r e d  t o  t h e  f i g u r e  
a l t i t u d e  (a) f o r  a ,  b, and c a l l  >O i s  a > Z , > O  which i n  terms of 

) a > c  c(1- 7 ymax - - 'ma, 
b 

t h e  parameters of 

a > c ( 1  - 

are ymax and ',ax 
t h e  r e c t a n g l e  and 

J. t h e  system is  

1 '0 ymax 'ma, 
a b 

- - -  

def ined  i n  terms of t h e  CCS coord ina te s  as f o r  
a =  r5-rl . - -  

The c r i t e r i a  f o r  i n t e r s e c t i o n  when n o t  a l l  of t h e  j -p lane  
i n t e r c e p t s  are >O must a lso be  cons idered .  The fo l lowing  tab le  
t a b u l a t e s  t h e  i n t e r s e c t i o n  c r i t e r i a  f o r  t h e  r e c t a n g u l a r  pr ism w i t h  
t h e  e i g h t  p o s s i b l e  s i g n  combinations w i t h  non-zero, f i n i t e  i n t e r c e p t s .  

>a I B ~ >b  I n o  I f o r  
I n t e r -  
s e c t i o n  'max 

The f i r s t  t w o  cr i ter ia  columns are t h o s e  f o r  t h e  i n t e r s e c t i o n  of t h e  
]-system p l a n e  wi th  an i-system r e c t a n g l e ,  ( t h e  r e c t a n g u l a r  pr ism 
l o w e r  base )  f o r  b o r  a <O. 
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4 . 5  EANCAL I N P U T  

Inpu t  t o  RAVFAC and VUFACT u s i n g  EANCAL w i t h  t h e  f i g u r e  
i n t e r s e c t i o n  de te rmina t ion  c a p a b i l i t y  i s  as d e s c r i b e d  i n  Sec t ion  
3 . 0  of Reference 4 ,  excep t  t h a t  t h e  t o t a l  number of f i g u r e s  i n  a 
given c o n f i g u r a t i o n  must be s p e c i f i e d .  I n t e g e r  ITNS i s  t h e  t o t a l  
number of f i g u r e s  i n  t h e  conf igu ra t ion  and i s  added t o  t h e  second 
s u r f a c e  i n p u t  c a r d  of t h e  f i r s t  i n p u t  f i g u r e .  
a d j u s t e d  i n  columns 18-20 fol lowing program v a r i a b l e  N. 

ITNS is  r i g h t  

4 . 6  FIGURE INTERSECTION MESSAGE 

If any s u r f a c e  i n  a p a r t i c u l a r  geometr ic  c o n f i g u r a t i o n  
i s  i n t e r s e c t e d  by t h e  p lane  of a p l a n a r  f i g u r e ,  t h e  fo l lowing  
message w i l l  be  p r i n t e d  i n  t h e  i n p u t  d a t a  summary of t h e  l a s t  f i g -  
u r e  i n  t h e  c o n f i g u r a t i o n .  

@ @ @  

@ @ @  

THE PLANE OF SUPFACE 1 INTERSECTS SURFACE i. 

ANOTHER VIEW FACTOR FROM SURFACE 1 t o  SURFACE 
i MAY BE OBTAINED BY U S I N G  THE OTHER VALUE OF 
ILK W I T H  SURFACE 1. 

- 

- 

I n  t h e  above message i and j a r e  t h e  s u r f a c e  i d e n t i f i c a -  
t i o n  numbers ( ISF)  a s s igned  t o  t h e  r e s p e c t i v e  f i g u r e s  involved. 
Only p l ane  f i g u r e s  w i l l  occur  as  j w h i l e  a l l  t ypes  of s u r f a c e s  can  
occur  as i. If more than one i n t e r s e c t i o n  occur s ,  t h e  message 
w i l l  be  r epea ted  i n  t h e  l a s t  f i g u r e ' s  d a t a  summary for  a l l  p a i r s  
of f i g u r e s  involved. 

5 .0  ORIENTATION OF FIGURES WITH RESPECT TO EACH OTHER 

With EANCAL t h e  need f o r  s p a t i a l  v i s u a l i z a t i o n  t o  deter- 
mine Euler  ang le s  and o t h e r  i n p u t  parameters  i s  e l imina ted .  A s  
d i s c u s s e d  i n  Sec t ions  2 .0  and 3 .0 ,  t h e  a b i l i t y  t o  v i s u a l i z e  t h e  
ac t ive  f a c e  d i r e c t i o n  when o n e  f i g u r e  or i t s  p lane  i n t e r s e c t s  
ano the r  f i g u r e  i s  a p r e r e q u i s i t e  t o  o b t a i n i n g  correct view f a c t o r s  
bo th  wi th  and wi thou t  EANCAL. Obtaining correct view f a c t o r s  w i t h  
EANCAL i s  s t r o n g l y  dependent upon i n p u t i n g  t h e  correct f i g u r e  
c o o r d i n a t e s .  
t h e r e  w i l l  be  a l a r g e  number o f  coord ina te s  w i t h  many a t t e n d a n t  
chances  f o r  i n p u t  e r r o r .  

For a c o n f i g u r a t i o n  geometry wi th  many elements ,  

T o  f u r t h e r  f a c i l i t a t e  v i s u a l i z a t i o n  of f i g u r e  elements  
and t o  h e l p  check program inpu t ,  EANCAL a l so  y i e l d s  several 
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d i f f e r e n t  k inds  of f i g u r e  o r i e n t a t i o n  messages. These messages 
occur  independent ly  of t h e  i n t e r s e c t i o n  message of s e c t i o n  4 . 6  
and are d e s c r i b e d  i n  t h e  fo l lowing  s e c t i o n s .  

5.1 ORIENTATIONS OF PLANE FIGURES W I T H  RESPECT TO OTHER PLANE 
FIGURES 

With an i-system plane  f i g u r e ,  z e r o  v a l u e s  of one or 
t w o  of  t h e  c o e f f i c i e n t s  A,B, o r  C of t h e  j-system p lane  i n d i c a t e  
e i t h e r  p a r a l l i s m  or  p e r p e n d i c u l a r i t y  between t h e  p a r t i c u l a r  p a i r  
of p l a n e  f i g u r e  elements .  
t h e  i and j-system p lanes  are skewed. 

If A,B,  and C are a l l  f i n i t e  and #O, 

If t h e  p l anes  of the i and j-systems are skewed, know- 
i n g  t h e  inc luded  ang le  may also be of va lue  t o  check t h e  program 
i n p u t .  The a n g l e  between t h e  a c t i v e  f a c e s  of t w o  p l a n a r  f i g u r e s  
i s  found by cons ide r ing  t h e  determinant  c o e f f i c i e n t s  of ( 2 A ) .  
The u n i t  normal v e c t o r  t o  t h e  j-system p lane  a c t i v e  f a c e  f o r  
ILK i n  t e r m s  of these c o e f f i c i e n t s  i s  

- 2 2 2 ’  M = ( A i  + B: + C E ) / f A  +B +C 

The u n i t  normal t o  t h e  i-systein p l ane  a c t i v e  f a c e  i n  i t s  SCS for  
+ I L K  i s  a long  t h e  Zi-axis. 
i s  e q u a l  t o  t h e  a n g l e  8, between t h e i r  r e s p e c t i v e  act ive f a c e  
normals,  

Since t h e  ang le  between t h e  p l a n e s  

6 = cos -1 (C/ p7 A +B +C ) 

For j - f i g u r e s  w i t h  i n t e r s e c t i n g  p l anes  and -ILK v a l u e s ,  t h e  a n g l e  
between t h e  normals t o  t h e  a c t i v e  f a c e s  of t h e  t w o  p l anes  i s  180-8. 

fo l lowing  message w i l l  be  l i s t e d  fo r  each p a i r  of p l ane  f i g u r e s  
i n  t h e  i n p u t  d a t a  summary of t h e  l a s t  f i g u r e  i n  t h e  conf igu ra t ion .  

For c o n f i g u r a t i o n s  w i t h  t w o  o r  more p l a n e  f i g u r e s ,  t h e  

*** THE ANGLE BETWEEN THE ACTIVE FACES OF THE 
PLANES OF FIGURES AND IS  
DEG. FOR +ILK VALUES. 
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5.2 ORIENTATIONS OF NON-PLANAR FIGURES 

The axes of t h e  cy l inde r ,  cone and pa rab lo id  and one 
of t h e  pr ism edges are s p e c i f i e d  by t h e i r  r e s p e c t i v e  CCS vectors 
r2-rl. I f  a geometric system of i n t e r e s t  c o n t a i n s  f i g u r e s  u and 
v of t h e s e  types ,  t h e  included ang le ,  @,between t h e i r  r e s p e c t i v e  axes ,  
a x i s  and edge, or  edges is  

- -  

I [I/ (x2-x1)u+ 2 (Y2-Y1) u+ 2 ( Z2-Z1) X2-X1) v+ 2 (Y*-Y1) v+ 2 ( Z2-Z1) 2 1  , 

(x2-x1)u (x2-x1)v+ (Y2-Y1) (Y2-Y1)v+ (z2-zl)u (Z2-Z1) 
= 

where CCS c o o r d i n a t e s  are used f o r  bo th  f i g u r e s .  

For c o n f i g u r a t i o n s  wi th  t w o  o r  more non-spherical  t h r e e -  
dimensional  f i g u r e s ,  one of t h e  fo l lowing  messages t h a t  i s  appro- 
p r i a t e  w i l l  be  l i s t e d  f o r  each p a i r  of f i g u r e s  i n  t h e  i n p u t  d a t a  
summary of t h e  l a s t  f i g u r e  i n  t h e  c o n f i g u r a t i o n .  

***  THE ANGLE BETWEEN THE AXES OF FIGURES 
AND I S  DEG . 

*** THE ANGLE BETWEEN THE AXIS OF F I G U R E  
AND THE EDGE OF PRISM DEFINED BY 
POINTS P1 AND P2 DEG . 

*** THE ANGLE BETWEEN THE EDGES OF PRISMS 
AND WHICH ARE DEFINED BY THEIR 
RESPECTIVE POINTS P 1  AND P2 I S  DEG . 

5.3 ORIENTATIONS OF PLANE FIGURES W I T H  NON-PLANAR FIGURES 

If one of t h e  f i g u r e s  i s  a p l ane  f i g u r e  and t h e  o ther  i s  
n e i t h e r  a p l a n e  f i g u r e  no r  a sphere,  t h e  ang le ,  0 ,  between t h e  

u n i t  normal 2 t o  t h e  p l ane  active f a c e  for  +ILK and t h e  o t h e r  
f i g u r e  ax i s  or edge is  as  l is ted i n  Sec t ion  5.1 
consequence of t h e  f i g u r e  a x i s  or edge Pip5 being a long  t h e  Zi 
SCS axis of the non-planar f i g u r e  of t h e  p a i r .  
t h e  p l a n e  f i g u r e ,  t h e  corresponding ang le  i s  180-8. 

This  i s  a 

If  -ILK i s  used f o r  
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The a p p r o p r i a t e  one of t h e  fo l lowing  messages w i l l  be  
l is ted i n  t h e  i n p u t  d a t a  summary of t h e  l a s t  f i g u r e  i n  t h e  
conf igu ra t ion .  

*** THE ANGLE BETWEEN THE ACTIVE FACE OF THE 
PLANE OF FIGURE FOR +ILK AND THE 
AXIS OF FIGURE IS  DEG . 

*** THE ANGLE BETWEEN THE ACTIVE FACE OF THE 
PLANE OF FIGURE FOR +ILK AND THE 
EDGE OF PRISM DEFINED BY POINTS P 1  
AND P5 I S  DEG. 

6 .0  EANCAL SUBROUTINE LISTING 

F igure  6 i s  a l i s t i n g  of EANCAL w i t h  t h e  i n t e r s e c t i o n  
de te rmina t ion  and o r i e n t a t i o n  .de te rmina t ion  c a p a b i l i t i e s .  
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